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1.  Introduction 


The  25mm  M242  cannon,  the  main  nxmantent  of  the  Bradley  Fig;htjng  Wijjclt-,  3 
ates  annoying  noise  levels  during  firing.  The  Ballistic  Rei«earc]j  Laboratory  has 
a  research  and  development  program  for  a  fieldable  noise  attenuator.  The  muJJier  Thoujd 
not  interfere  with  normal  training  maneuvers  or  firing  operations  of  the  weapon-  Ideally, 
the  muffler  should  have  Tninimum  mass  and  effectively  attenuate  the  muzzle  blast  noise 
to  or  below  a  specified  level.  For  optimally  configured  mufflers,  the  larger  the  volume, 
the  greater  the  noise  attenuation.  However,  greater  muffler  volume  will  result  in  a  heavi^-r 
muffler  structure.  These  conflicting  requirements,  reasonable  noise  attenuation  •md  light 
muffler  weight,  lead  to  the  following  objective:  to  study  noise  suppressors  w'jth  enough 
internal  volume  to  obtain  sufficient  noise  attenuation,  yet  when  designed  for  minimum 
weight,  are  light  enough  to  allow  training  with  minimal  interference. 

The  capability  to  predict  both  internal  and  free-field  overpressures  for  mufflers  is 
zinother  objective.  Accurate  predictive  methods  would  greatly  facilitate  no'se  attenuator 
design.  No  adequate,  easily  used  model  of  the  flow  in  a  muffler  has  yet  been  developed, 
although  a  prediction  of  the  external  blast  field  of  the  weapon  is  possible  if  the  gas  exit 
conditions  at  the  muffler  are  kno\vn.  The  blast  field  overpressure  is  predicted  by  an  ap¬ 
proach  that  uses  blast  wave  scaling  theory  for  variable  energy  deposition  rates  into  the 
ambient  air,  coupled  with  the  theory  of  blast  waves  generated  by  asymmetrically  initiated 
charges. 4  A.  fundamental  length  that  determines  the  scale  of  the  muzzle  blast 

is  obtained  from  the  analysis.  In  terms  of  the  exit  conditions,  the  scaling  length,  is 
proportional  to  the  square  root  of  the  peak  energy  efflux  from  the  bore  of  the  gun  or,  if  the 
gun  mounts  a  muzzle  device,  from  the  muzzle  device  exit  hole  for  the  projectile.  The  peak 
overpressure  of  the  blast  wave  is  also  dependent  upon  the  polar  angle,  6,  that  is  measured 
from  the  boreline.  The  muzzle  blast  is  much  stronger  in  front  of  the  gun  than  beliind. 
Thus,  the  scaling  equation  is  obtained: 

P  =  P[(rie),0\  (1) 

where  P  is  the  peak  overpressure  divided  by  the  ambient  pressure  emd  r  is  the  distance 
from  the  muzzle.  For  maximum  noise  attenuation,  the  peak  energ}'  efflux  from  the  muffler 
projectile  hole  must  be  minimized.  The  exit-hole  diameter  for  the  silencer,  the  maximum 
exit  pressure  from  the  silencer,  and  the  propellant  geis  exit  velocity  should  all  be  minimized. 
The  last  two  objectives  are  accomplished  by  increeising  the  internal  volume  of  the  de\’ice 
and  using  internal  baffling  to  promote  viscous  processes  and  maximize  heat  transfer  from 
the  propellant  gases.  For  the  study  of  these  devices,  it  is  assumed  that  the  ratio  of  the 
internal  volume  to  the  gun  bore  and  chamber  volume  best  characterizes  their  ultimate 

'Fansler,  K.  S.,  and  Schmidt,  E.  M.,  “The  Relationship  Between  Interior  Ballistics,  Gun  Exhaust  Parameters  and  the 
Muzzle  Blast  Overpressure,”  AIAA  Paper  82-0856,  AIAA/ASME  3rd  Joint  Thermophysics,  Fluids,  Plasma  and  Heat  Transfer 
Conference,  St.  Louis,  MO,  7-11  June  1982. 

^Heaps,  C.  W.,  Pansier,  K.  S.,  and  Schmidt,  E.  M.,  “Computer  Implementation  of  a  Muzzle  Blast  Prediction  Technique,” 
The  Shock  ar.d  Viiraiion  Bulletin,  Part  1,  published  by  The  Shock  and  Vibration  Center,  Naval  Research  Laboratory,  22-24 
October,  1985,  pp.  213-230. 

^Pansier,  K.  S.,  “Dependence  of  Free  Field  Impulse  on  the  Decay  Time  of  Energy  Efflux  for  a  Jet  Flow,”  The  Shock  and 
Vibraiio.i  Bulletin,  Part  1,  published  by  The  Shock  and  Vibration  Center,  Naval  Research  Laboratory,  22-24  October  1985 
pp.  203-212. 

^ Smith,  F.,  “A  Theoretical  Model  of  the  Blast  from  Stationary  and  Moving  Guns,”  First  International  Symjiosium  on 
Ballistics,  Orlando,  Florida,  13-15  November  1974. 
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attenuation  capabilities.  A<*cor<lin^ly,  the  mufflers  will  be  <!effij»;r3!!iie<l  by  their  \<;iju33ie  nj 
terms  of  gun  volumes.  .A  gun  volume  is  the  sum  of  the  Imre  arj<!  ejjamber 

Insufficient  research  has  been  cumlucted  to  develop  nde<juate  oKwIels  ft^r  the 
attenuation  properties  of  mufflers.  Linear  gasdynomics  theory  has  been  use^i.'  but  wsth 
the  high  pressures  and  supersonic  flow  encountered  in  the  muffler,  nonlinear  ga^dynanncs 
should  be  applied  to  this  problem.  One  of  the  more  promising  nonlinear  approaches  is  gsvea 
by  Mori  et  al.®  They  published  experimental  d^a  and  an  analysis  for  the  attenuation  of 
a  shock  wave  as  it  passed  through  a  series  of  baffles  having  circular  orifices  along  the  axis. 
In  the  present  work,  a  similar  approach  will  be  taken  when  considering  the  flow  onto  thxe 
first  or  inlet  baffle  of  the  silencer.  The  cross-sectional  area  of  the  silencer  can  be  varied  to 
determine  how  the  stagnation  pressure  changes  at  the  exit  or  inlet  baffle.  The  stagnation 
pressure  determines  the  mass  flow  through  the  projectile  hole  and  if  the  initial  reflected 
pressure  on  the  baffle  is  the  majdmum  value,  it  also  sets  structural  requirements  on  the 
baffle. 


As  the  use  of  saboted  projectiles  increases,  a  muffler  design  compatible  with  this  type 
ammunition  will  be  necessary.  For  Maxim  silencers  and  their  conventional  derivatives,  the 
exit  baffle  is  located  at  the  end  of  the  silencer.  The  exit  hole  is  kept  as  small  as  possible  to 
limit  the  energy  efflux  and  thus,  according  to  theory,  minimize  the  peak  blast  overpressure. 
Immediately  after  the  spinmng  projectile  exits  the  muzzle,  centrifugal  force  separates  the 
sabots  from  the  subprojectile.  The  projectile  and  discarding  sabot  components  must  pass 
through  the  exit  hole  without  deviation.  To  do  so,  the  exit  hole  must  be  exceedinglv  large, 
which  results  in  increased  blast  noise.  However,  if  a  muffler  could  be  designed  with  the 
exit  hole  located  close  to  the  muzzle,  the  exit  hole  diameter  could  be  made  much  smaller. 
In  Figure  1,  a  schematic  is  shown  of  such  a  muffler  attached  to  a  threaded  gun  muzzle. 
Once  the  saboted  projectile  exits  be  muzzle,  the  propellant  gases  are  free  expand.  The 
exit  hole  for  the  saboted  projectile  is  placed  as  near  as  possible  to  the  muzzle  to  reduce 
the  necessary  size,  yet  far  enoug!  away  to  take  advantage  of  the  decrease  in  the  axial 
energy  flux  density  with  distance  from  the  muzzle.  This  decrease  is  associated  with  the 
expansion  of  the  propellant  gas  to  the  outer  shell  of  the  muffler.  The  amount  of  energy 
efflux  passing  through  the  exit  hole  would  decrease  with  distance  from  the  muzzle  untU  the 
reflected  compression  wave  from  the  muffler  cylinder  wall  reached  the  boreline  The 
portion  of  the  flow  not  initially  passing  through  the  e.xit  hole  travels  toward  '.iie  perforated 
baffles  in  the  accumulation  chamber.  Although  Figure  1  illustrates  ?  iiiencer  with  two 
perforated  baffles,  more  baffles  might  provide  better  performance  Optimum  conditions 
are  found  by  experiment  or  numerical  simulation.  With  this  .^yscem  of  perforated  baffles 
inducing  viscous  processes  and  partially  reflecting  shock  waves, \he  baffles  can  be  designed 
so  that  the  accumulation  chamber  peak  pressures  are  markedly  reduced  compared  to  a 
muffler  of  equal  volume  with  no  perforated  baffles.  With  the  loads  on  the  silencer  reduced, 
the  mass  of  the  structure  can  also  be  reduced.  Furthermore,  a  properly  tailored  svstem  of 
perforated  baffles  will  also  reflect  pressure  waves  of  an  optimum  amplitude  to  avoid  high 
pressure  transients  at  the  exit  hole.  Such  undesirable  pressure  waves  of  short  duration 
could  result  in  higher  peak  pressures  external  to  the  silencer.  .Also,  the  angle  and  shape 


^Davis,  D.  D.,  Stokes,  G.  M.,  Moore,  D.  and  Stevens,  G.  L.,  “Theoretical  and  Experimental  Investigations  of  Mufflers  with 
Comments  on  Engine  Exhaust  Muffler  Design,”  NACA  Report  No.  1192,  19,'>4,  pp.  829-875  ^  ‘  ’  ^ 

«  Shimizu,  T.,  “Attenuation  of  Shock  by  Multi-Orifice,”  Proceedings  of  the  lOth  Inte-.-neiionol 

Shock  Tube  Symposium,  Japan,  1975.  e  tom  ,nie  mciicnoi 
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of  the  exit  cone  is  designed  to  aJIow  t!ie  disrnr<iing  saSiot  rojnpoji^enis.  to 
interference. 


11.  Experiment 


All  experiments  were  performed  with  a  25mm  M242  cannon  shooting  .M-T93  TP-T 
ammunition.  Some  relevant  values  for  the  experiments  are  the  following: 


C  =-'  0.092  kg 
KT  -■  975,000  m  /s 
k  =  1.25 
V  =  0.00101  m 
m  =  0.1S5  kg 
E  =  203  kJ 

Here  C  is  the  propellant  charge  mass,  ni  is  the  projectile  mass,  KT  is  the  specific  energv* 
or  the  force  of  the  propellant,  k  is  the  specific  heat  ratio,  U  is  the  internal  volume  of  the 
gun,  and  E  is  the  a'.'ailable  propellant  energy  at  projectile  exit  from  the  gxm  muzzle.  The 
cannon  bore  length  is  approximately  80  calibers. 

It  is  not  feasible  to  attach  a  large  volume  muffler  on  a  25mm  cannon  since  the  addi¬ 
tional  mass  would  interfere  with  normal  training  operations.  The  scope  of  this  study  is 
therefore  restricted  to  mufflers  with  small  (less  then  ten)  gxm  volume  values.  The  study 
commenced  with  the  testing  of  a  very  small  (approximately  one-gun-volume)  muffler  in 
which  the  number  of  baffles  and  spacing  between  baffles  could  be  -varied.  This  muffler,  set 
up  for  a  near-field  test,  is  shown  in  Figure  2.  Free-field  gages  were  placed  10,  45,  90,  135. 
and  170  degrees  from  the  boreline  and  50  calibers  from  the  muffler  exit  hole.  .A.  drawing 
of  this  muffler  is  shown  in  Figure  3.  Internal  baffles  are  threaded  into  the  muffler  so  their 
positions  can  be  -varied  continuously.  Two  piezoelectric  pressure  transducer  gages  placed 
at  the  positions  shown  monitor  the  internal  pressures  during  firing.  Table  1  describes  the 
various  configurations.  The  silencer  internal  length  is  the  distance  between  the  front  of 
the  muzzle  plate  and  the  rear  of  the  exit  baffle.  The  inlet  length  is  the  distance  between 
the  front  of  the  muzzle  plate  and  the  back  of  the  first  internal  baffle,  which  is  known  as 
the  inlet  baffle.  Subsequent  baffles  are  equally  spaced  between  the  inlet  baffle  and  the  exit 
baffle.  For  scaling  purposes,  the  length  in  calibers  can  be  obtained  by  dividing  the  length 
by  the  bore  diameter,  which  is  2.5  cm. 

Figure  4  shows  the  gun  with  the  standard  muzzle  brake  attached.  Comparisons  be¬ 
tween  overpressure  values  for  the  muffler  and  the  standard  muzzle  brake  were  made.  Data 
were  recorded  on  Nicolet  scopes  and  processed  on  an  HP9S45  microcomputer  and  the 
LFD/VAX  computer  system. 
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Tnble  1.  Configurations  Testwl  for  the  One-GunAoiiune  MuiH-  r 


Configuration 

Number 

Silencer 

Internal 

Length 

(cm) 

Inlet 

Length 
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Number  ; 
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14 
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1 
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15 

n 

11.0 

1 

16 

n 

6.0 

2 
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Derived  from  a  design  patented  by  Bell  Laboratories/  a  six-gun-volume  muffler 
also  tested  (Figure  5).  The  pat<  nt  applicant  claimed  that  the  importance  of  a  cross¬ 
sec  ;ional  area  diminished  toward  the  front  end,  therefore  the  size  and  weight  of  a  muffler 
couM  be  reduced  without  seriously  compromising  noise  attenuation.  The  first  section,  or 
stage,  of  the  muffler  consisted  of  a  larger  chamber  6.6  calibers  in  diameter  and  7.S  calibers 
in  internal  length.  The  second  stage  utilized  the  3.5  caliber  diameter  body  of  the  smallest 
muffler.  When  used,  the  internal  baiffles  were  equally  spaced  within  the  second  stage. 

A  conventional  nine-gun-volume  muffler,  shown  in  Figure  6,  was  also  studied.  The 
internal  muffler  length  was  18.5  calibers  and  the  internal  diameter  was  6.6  calibers.  The 
number  and  position  of  the  baffles  could  be  varied  by  using  spacer  rings.  In  terms  of  gun 
volumes,  all  these  mufflers  are  small  compared  to  the  silencers  used  on  rifles  or  pistols. 

It  is  anticipated  that  a  saboted  training  round  for  the  25mm  cannon  will  be  fielded 
soon.  To  study  the  expected  performance  of  sabot-capable  mufflers,  the  configuration  of 
the  nine-gun- volume  muffler  was  modified  as  shown  in  Figure  7.  This  is  a  prototype  design 
which,  although  not  compatible  with  saboted  projectiles,  was  used  to  verify  the  concept. 
This  device  was  also  used  to  experiment  with  the  axial  placement  of  the  exit  hole,  relative 
to  the  gun  muzzle,  and  the  degree  of  baffle  perforation.  The  perforated  spoke  baffle  is 
secured  inside  the  outer  cylinder  by  retaining  rings  that  are  in  turn  clamped  between  the 

'  Mason,  W.  P.,  “Silencer,”  U.  S.  Patent  No.  2<I48382  assigned  to  Bell  Laboratories,  .\ugust  31  1948. 
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muzzle  plate  ami  the  exit  halfle.  The  tmn perforated  tube  lias  a  sljoiiiilibT  dial  jjrjjijjit 
it  to  be  held  securely  in  place  between  tlu*  perforauxl  spok<Hl  bal5!e  ajjd  die  <-x;i 
The  spoketl  bnifle  for  the  configuration  tested  had  CO  percent  of  tije  ciosij-fx-cii/jjjiaj 
removed  to  allow  propellant  gas  to  pass  into  the  accumulation  ckainber. 


III.  Results  and  Analysis 

The  one-gun-volume  muffler  was  configurable  in  a  more  flexible  manner  than  the 
larger  mufflers  since  its  internal  length  could  also  be  changed.  Cooke  and  Fansler*  five 
a  comparison  of  attenuation  levels  for  some  configurations  with  different  internal  lenglhs- 
These  noise  attenuation  levels  were  insensitive  to  the  internal  length.  Usually,  the  atte-iS' 
uation  increases  wnth  increasing  volume.  However,  as  discussed  by  Cooke  and  Fansler.® 
a  one-dimensional  model  can  be  utilized  to  appro.ximatc  the  flow  in  the  first,  or  inlet, 
chamber.  The  model  can  also  calculate  the  stagnation  pressure  at  the  inlet  baffle.  If  a 
one- dimensional  model  of  the  flow  is  assumed,  the  peak  pressure  at  the  exit  baffle  should 
not  vary  with  distance.  The  peak  energy  efflux  is  determined  by  the  reflected  pressure  at 
the  exit  baffle  and  therefore  the  attenuation  should  not  x'ary  with  the  length.  Figure  S 
shows  results  for  the  muffler  configured  to  the  longest  internal  length  while  the  inlet  length 
is  varied.  -4gain,  there  are  no  discemable  differences  in  overall  noise  attenuations.  Similar 
results  are  obtained  when  the  number  of  internal  baffles  are  varied.  As  the  length  of  the 
muffler  could  be  varied  only  over  a  narrow  range,  no  data  could  be  obtained  for  lengths 
over  12  calibers.  It  is  anticipated  that  the  attenuation  will  increase  for  significantly  longer 
lengths. 

The  two  larger  volume  mufflers  were  not  studied  in  as  much  detail.  For  the  six- 
gun-volume  muffler,  the  number  of  baffles  was  varied  only  in  the  second  stage,  smaller 
diameter,  part  of  the  muffler.  Figure  9  shows  the  attenuation  at  first  increases  with  the 
addition  of  baffles,  then  reaches  a  maximum  for  three  internal  baffles.  For  the  nine-gua- 
volume  muffler.  Figure  10  shows  the  attenuation  obtained  for  different  numbers  of  baffles. 
Again,  the  attenuation  increases  and  then  decreases  with  increasing  number  of  baffles.  The 
distance  between  baffles  for  the  most  effective  nine-gim-volume  muffler  (1.7  calibers) 
substantially  less  than  for  the  six-gun- volume  muffler  (3  calibers).  Figure  11  shows  the 
exit  baffle  pressures  for  some  of  the  baffled  configurations.  By  increasing  the  nuiiib-.  i 
baffles,  the  peak  baffle  pressure  is  not  only  lowered,  but  occurs  at  a  later  time.  For  the 
multi-baffled  configuration,  the  exit  baffle  pressure  increases  in  a  rather  smooth  manner 
and  appears  isolated  from  the  pressure  transients  that  are  occurring  in  the  inlet  chamber. 
Neither  the  one- dimensional  treatment  of  Mori,®  which  yields  the  peak  transient  reflected 
wave  at  the  baffle,  nor  accoustical  approaches  such  as  used  by  Davis,®  would  yield  the  peak 
pressure  for  this  pressure  wave  which  increases  slowly  ^rith  time. 

The  one-dimensional  model  was  explored  at  some  length  for  the  smallest  volume 
muffler.8  The  validity  of  the  model  can  be  further  tested  using  the  largest  muffler  with 
no  internal  baffles.  Figure  12  is  a  plot  of  the  exit  baffle  peak  pressure  versus  the  muffler 
internal  diameter.  The  model  prediction  shows  that  the  reflected  pressure  from  the  baffle 

®Cooke,  C.  U.,  and  Pansier,  K.  S.,  "Numerical  Simulation  of  Silenccra.”  ProcKdings  of  iho  10th  /atemat.'one;  SvmpcftvTn 
on  BalhsUcs,  San  Diego,  CA,  27-28  October  1987. 
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should  decrease  with  increasing  diameter.  The  exjwimentnl  pr^sstjre  wslnes 
lower  than  i>re<lictevl  at  the  smtiller  diameter  htit  agr«'e  \yel|  for  tine  larger  djamf-i*-? .  IjaiuiiiJ 
pressure  in  the  tnuHer  was  assume<l  to  he  atmospheric  and.  for  eiis<*  of  cakislju^i'uj.  sJi' 
sjKJcific  heal  ratio  of  the  propellant  gas  was  also  assume<i  as  an  initial  condition-  , 

these  ambient  conditions  would  be  modified  by  the  precursor  from  t  he  gun  iKjje,  ir-sjx  csall y 
in  the  smaller  noise  attenuators.  Although  the  assumptions  lead  to  a  crude  niorfiel,  the 
agreement  is  adequate  and  the  model  can  be  used  as  a  too!  to  evaluate  muffler  performawer . 

As  stated  previously,  no  adequate  model  of  the  muffler  flow  processes  has  been  deveh 
oped.  However,  a  model  that  represents  an  extreme  simplification  of  the  muffling  processes 
could  serve  as  a  starting  point.®  The  flow  into  the  muffler  is  reminiscent  of  a  Joule  ex¬ 
pansion  into  a  closed  container  where  the  equilibrium  temperatures  before  and  after  tiie 
process  are  equal.  In  a  closed  container  used  for  a  Joule  expansion,  baffles  could  hastetn 
the  process  toward  equilibrium  conditions  and  minimize  pressure  peaks  at  the  end  wall  of 
the  expansion  section.  The  stagnation  pressure  for  the  ideal  gas  assumption  is 


p  =  ik~l)E/U  (2) 

where 

U  =  total  internal  volume  of  silencer  plus  bore  and  chamber  volume 
E  =  available  energy  of  the  gas  when  projectile  exits  muzzle 

If  we  neglect  the  energy  of  the  gas  that  has  exited  before  the  maximum  pressure  at 
the  exit  baffle  occurs,  the  pressme  should  be  inversely  proportional  to  the  total  volume. 
Figure  13  shows  the  peak  pressure  at  the  esdt  baffle  versus  total  volume  for  the  more 
effective  muffler  configurations.  W'iCh  the  exception  of  the  six-gun- volume  muffler  with  one 
internal  baffle,  the  peak  exit  baffle  pressures  are  lower  than  the  Joule  model  results.  These 
iOwer  pressures  may  be  partly  explained  by  the  filling  and  emptying  processes  occurring 
for  each  chamber.  The  chambers  in  the  muffler  that  arc  closer  to  the  muzzle  have  higher 
pressures.  For  the  more  effective  mufflers,  the  pressure  in  the  entrance  chamber  is  large 
compared  with  the  pressure  at  the  exit  baffle.  Also,  for  the  more  effective  configurations, 
a  significant  amount  of  the  propellant  gas  escapes  from  the  exit  hole  before  the  pressure 
peaks  on  the  baffle.  The  escaped  gas  is  una\'ailable  to  contribute  to  the  internal  pressure. 
Heat  transfer  to  the  muffler  would  also  lower  the  temperature  of  the  exhaust  gases  and. 
according  to  the  perfect  gas  law,  lower  the  pressure  inside  the  muffler  by  a  proportional 
amount.  A  recent  test  performed  on  a  fieldable  version  of  the  two-stage  muffler  utilizine: 
thermocouples  showed  that  the  propellant  gases  transferred  almost  25  percent  of  their 
energy  to  the  muffler.  Since  the  muffler  has  approwmately  twice  the  surface  area  of  the 
gun  tube  and  the  gas  is  held  in  the  barrel  much  longer  with  the  muffler  attached,  the 
heat  transfer  to  both  the  muffler  and  the  barrel  should  also  be  significantly  increased. 
Howe'-cr,  the  reduction  in  peak  energy  efflux  would  depend  upon  when  the  p4k  occurred 
in  the  exhaust  cycle.  The  later  the  peak  occurs,  the  more  time  the  gas  has  to  transfer  a 
significant  amount  of  its  energy  to  the  muffler  and  the  more  important  the  role  of  heat 
transfer  in  attenuating  gun  noise. 

.  E.  M..  Pnrai* UWS, 
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According  to  the  scnlitig  law  <f!}scus.swi  earlier,*’'’^ 
at  a  certain  polar  ajigle  depends  only  on  the  j>7*ak  exii-haJMe  pre^snje.  Figiaj"-  v.'''"- 
plot  of  the  peak  free-field  overpressure  at  00  degrees  to  the  bore  a^xis  v*-rs'ias  tJae  ijnihc  j»  .i. 
pressure.  Some  nonbaffied  configttratioiis  are  also  given  since  (his  analyh-ih  ^  7'  - 1 

these  configurations  also.  The  largest  variations  from  the  predrciion  cur\’e  «>» mj}  h.>i  ih*- 
six-gun-volume  data.  All  data  values  for  the  two-stage  configurable  nrnfiler  are  1«*a'  The 
more  effective  configurations  for  the  larger  mufflers  J^all  below  the  prediction  curve.  The 
more  effective  configurations,  as  illustrated  by  Figure  11,  also  have  their  peak  prebS'jjr-s 
occurring  at  later  times  than  the  least  effective  configuration,  thus  allowing  the  ga>  io 
expand,  cool  and  transfer  more  energj*  to  the  muffler  surfaces  in  the  form  of  heat .  The 
energy  efflux  rate  should  therefore  be  lower  than  predicted  by  the  Joule  assunrpt  ioj3 . 


The  Joule  model  can  also  be  used  to  predict  the  free-field  peak  overpressure  by  utilizing 
the  scaling  predictions.  Figure  15  shows  the  peak  overpressure  versus  volume  for  both 
experiment  and  model  prediction.  Agreement  of  the  data  with  th.e  mod«*|  good  for 
the  smallest  volumes  but  for  the  larger  volumes,  the  model  predicts  significantly  larger 
values.  Again,  the  larger  value  for  the  prediction  is  expected  bcjause  the  presence  of 
the  baffles  allows  significant  outflow  before  the  maximum  value  of  the  energv*  efflux  is 
reached.  From  the  limited  data  for  muzzle  blast  peak  overpressure  versus  volume,  a  least- 
squares  line  connecting  the  most  effective  configurations  can  be  constructed.  This  line 
shows  the  pressure  decreasing  significantly  faster  than  predicted  by  the  Joule  model.  This 
trend  should  continue  for  larger  mufflers  as  the  inlet-chamber-to-exit-chamber  pressure 
differentials,  the  extraction  of  heat  and  the  viscous  effects  would  increase  with  the  volume. 


The  muffler  design  for  saboted  rounds  has  not  yet  been  well-studied,  but  a  small 
amount  of  data  has  been  collected  from  limited  experiments.  An  idealized  design  is  shown 
in  Figure  1  and  the  nine-gun- volume  muffler  modified  to  study  the  expected  performance 
of  the  sabot-capable  muffler  is  shown  in  Figure  7.  Such  a  representative  configuration 
was  tested  in  the  fax-field  along  with  some  other  configurations  representing  the  Maxim  or 
conventional  design.  The  test  was  performed  jointly  with  personnel  from  the  U.  S.  Army 
Construction  Engineering  Research  Laboratory  (CERL)  located  in  Champaign,  Iliinois. 
Microphones  were  placed  75  metres  to  the  sides  and  rear  of  the  gun  muffler.  The  exit  hole 
was  placed  6.3  calibers  from  the  muzzle  plate.  The  perforated  baffle  was  located  2  calibers 
beyond  the  exit  hole  and  Lad  60  percent  of  its  area  removed  (a  clear  area  fraction  of  0.6). 
The  most  effective  configurations,  according  to  near-field  results,  for  the  nine-gun-volume 
muffler  and  the  six-gun-volume  muffler  were  tested.  The  nine-gun-volume  muffler  without 
any  internal  baffles  was  also  included.  The  noise  generated  was  referenced  to  the  noise 
produced  with  the  standard  brake.  The  values  given  in  Table  2  are  in  SEL  ''^<»5ght'-d 
decibels.  The  saboted  projectile  configuration  performed  well  considering  that  the  e.xit 
hole  location,  baffle  placements,  baffle  number,  and  clear  area  fractions  of  the  perforated 
baffles  have  not  yet  been  optimized. 

The  25mm  automatic  cannon  is  equipped  with  a  muzzle  brake/flash  hider  to  moderate 
the  gun  recoil  impulse.  To  avoid-  damage  to  the  gun  carriage,  the  impulse  generated  by 
the  cannon  with  muffler  should  be  no  larger  than  the  impulse  generated  \rith  the  muzzle 
brake  attached.  Accordingly,  it  is  necessary  to  consider  the  amount  of  recoil  expected  from 
these  devices.  The  mufflers  were  fired  on  a  free  recoil  mount  and  the  momentum  index 


Table  2.  Fnr-Field  N'oise  Attenuation  with  Prototypes  (dB-A,; 


Muffler  description 

Side  ( Average  1 

Rear  j 

Muffler  (nine-gun-volume) 

12.1  ' 

10.3 

Muffler  (mne-gun- volume; 
No  internal  baffles 

0.1  1 

14.4  : 

Muffler  (nine-gun-volume) 
Saboted  projectile  conf. 

10. 1  I 

10.2 

Muffler  (six-gun-volume) 

lO.G  i 

22.2 

was  measured.  The  momentum  index,  H,  is 

H  =  iI-r)/G  (3) 

where  I  is  the  recoil  impulse  of  the  gun  barrel  with  a  bare  muzzie,  /'  is  the  recoil  -mpulse 
of  the  gun  with  the  device  attached,  and  G  is  the  impulse  given  the  bare  muzzle  gun 
by  the  propellant  gases.  The  momentum  index  is  a  measure  of  the  effectiveness  of  the 
muzzle  brake  in  reducing  the  impulse  given  by  the  propellant  gases  and  is  discussed  at 
length  by  Fansler.’®  If  Euler  invjsdd  flow  and  no  heat  transfer  are  assumed,  the  predicted 
momentum  index  for  a  simple  muffler  would  be  zero.  Figure  16  shows  a  plot  of  the 
momentum  index  versus  the  gun  volume  of  some  mufflers.  Obviously,  the  muffler  also 
functions  as  a  muzzle  brake.  The  nine-gun-volume  and  six-gun-volume  mufflers  in  their 
most  effective  noise  attenuation  configurations  yield  momentum  indices  approaching  that  of 
the  stcindard  muzzle  brake  (H  —  0.43).  The  nine-gun-volume  muffler  without  any  ictemaJ 
baffles  yields  a  smaller  value  than  the  one-gun- volume  muffler.  As  discussed  earlier,  heat 
transfer  measurements  on  the  two-stage  muffler  in  the  most  effective  noise  attenuation 
configuration  show  that  almost  25  percent  of  the  propellant  gas  energy  is  lost  through 
heat  tremsfer  to  the  muffler.  Perhaps  an  additional  ten  percent  is  lost  because  of  increas^ 
heat  transfer  to  the  barrel  itself.  According  to  the  perfect  gas  law%  the  pressure  should 
also  decrease  by  an  equal  percentage.  The  impulse  upon  the  gun  is  proportional  to  the 
propellant  gas  velocity  at  the  e.xit  hole  but  the  local  sound  velocity  varies  as  the  square 
root  of  the  pressure.  Extraction  of  the  propellant  gas  energy  reduces  the  pressure  by  35 
percent,  which  results  in  the  sound  velocity  of  the  gas  and  therefore  the  impulse  from  the 
propellant  gas  being  reduced  by  approximately  20  percent. 


rV.  Summary  and  Conclusions 


For  the  smallest  muffler,  the  presence  of  any  internal  baffling  does  not  significantly 
improve  the  noise  attenuation  performance.  Furthermore,  the  noise  attenuation  ^Tiried 
little  when  the  volume  was  reduced  by  approximately  25  percent.  The  diminishment  of 
pressure  transients  and  general  pressure  levels  observed  in  the  exit-baffle  ch.amber  when 

''’Fanslrr.  K,  S.,  "A  Simple  Mcllioci  for  Predicting  Muzile  Br-dce  EfTectiveness  and  Baffle-Surface  Pressure,"  A SHr-iL-TB- 
02.'’.35.  Ij.S.  Army  Bnlli.-.tic  Research  Laboratory.  Abertieen  Pirn-ing  Ground,  Marylantl.  June  ISSl.  (AD  A3{i;34r)) 
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Bored  and  Ihreaded 
(or  pressure  gage 


Figure  5.  Photograph  of  the  6-Gun- Volume  Muffler. 


Figure  6.  Drawing  of  the  0-Gun- Volume  Muffler. 


.-oureR  i:YL[iiaER0 


Figure  7.  Configuration  for  Studying  the  Expected  Performance  of  a  Muffler  Capable  of 
Passing  Sabots  Through  the  Device  with  Minimal  Im  "'rference. 


0  25-50  75  100  125  150  175 

POLAR  ANGLE  (deg) 


Figure  8.  Attenuation  Levels  for  Different  Inlet  Length  of  the  Smallest  Muffler.  (Maxi¬ 
mum  Internal  Length  Configuration) 


13 


dB  ATTENUATION  IN  NEAR  FIELD 


VARIOUS  TWO-STAGE  MUFFLER  CONFIGURATIONS 


0=  NO  INTERNAL  BAFFLES 
0=  ONE  INTERNAL  BAFFLE 
A=THREE  INTERNAL  BAFFLES 
•  =FIVE  INTERNAL  BAFFLES 


DIAMETER  (cal) 


Figure  12.  Exit  Baffle  Peak  Pressure  versus  Internal  Diameter  for  Mufflers  with  no 
Internal  Bciffle. 


GUN  VOLUMES 


Figure  13.  Peak  Exit  Baffle  Pressure  versus  Total  Internal  Volume  of  Gun-Muffler  S^/stem. 


ONE  INIERNAL  CAFFLE 
MULTI-BAFFLE 
PREDICTION 


GUN  VOLUMES 

Figure  15.  Peak  Free-Field  Overpressure  at  90  degrees  versus  Volume  of  Gun-Muffler 

System.  q_5  _  0=Standard  Brake 

A=  Pre-Prototype 
+  =Large  Cylinder  (Empty) 

•=  Large  Cylinder  (Baf fled) 

"  □=  Two-Stage  Muff ler 


id  0.2 


BORE  VOLUME 

Figure  16.  Momentum  Index  versus  the  Total  Internal  Volume  of  Gun-Muffler  System 
(Momentum  Index  is  a  Measure  of  the  Braking  Effeciiveness.) 
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US  Army  Aviation  Research 
and  Technology  Activity 
Ames  ReseEirch  Center 
Moffett  Field,  CA  94035-1099 


No. 

Copies  Organization 

1  Commander 

US  Army  Communications  - 
Electronics  Command 
ATTN:  AMSEL-ED 
Fort  Monmouth,  NJ  07703-5022 

1  Commander 

US  Army  Laboratory  Command 
ATTN:  AMSLC-DL 
Adelphi,  MD  20783-1145 

2  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD,  Dr.  Bill  Walker 
ATTN:  AMSMI-AS 
Redstone  Arsenal,  AL  35898-5000 

I  Director 

US  Army  Missile  &  Space 
Intelligence  Center 
ATTN:  AIAMS-YDL 
Redstone  Arsenal,  AL  35898-5000 

II  Commander 

US  Army  Armament  RD&E  Center 
ATTN:  SMCAR-MSH2  cys) 

ATTN:  SMCAR-FS,  Dr.  Davidson 
ATtN:  SMCAR-k'SF,  Mr,  Ambrosini 
ATTN;  SMCAR-FSA,  Mr,  Wrenn 
ATTN:  SMCAR-CC,  Mr.  Hirshman 
ATTN:  SMCAR-CCU,  Mr.  Moore 
ATTN:  SMCAR-CCL,  Mr.  Gehbauer 
E.  Seeling 
J.  Donham 

ATTN:  SMCAR-LCV/,  M.  Salsbury 
Picatinny  Arsenal,  NJ  07801-5000 
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US  Army  Tank  Automotive  Command 
ATTN:  AMSTA-TSL 
ATTN:  AMCPM-BFVS 
ATTN:  AMSTA-DI 
Warren,  MI  48397-5000 

1  Commander 

US  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 

1  Commander 

US  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-DACL 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

1  Commander 
US  Naval  Air  Systems  Command 
ATTN:  AIR-604 
Washington,  DC  20360 

2  Commander 
Armament  RD&E  Center 

US  Army  AMCCOM 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806 -SOGO 

2  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH  CD-CSO-OR 
ATTN:  ATSH-IV-SD,  R.  Gorday 
Fort  Penning,  GA  31905-5660 
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ATTN:  AEAGC-ATC-TS,  P.  Minton 
USAREUR,  Grafenwohr,  FRG 
APO,  NY  09114 
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AFWL/SUL 

Kirtland  AFB,  NM  87117-5800 

2  Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLODL 

Tech  Lib 

Eglin  AFB,  FL  32542-5000 

1  Commandant 
USAFAS 

Fort  Sill,  OK  73503-5600 

7  Director 

Benet  Weapons  Laboratory 
Armament  RD&E  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-CCB,  J.  Bendiok 
T.  Simkins 

ATTN:  SMCAR-LDB-D,  J.  Zwcig 
ATTN;  SMCAR-CCB-DS,  P.  Vottis 
ATTN:  SMCAR-CCB-RA,  G.  Carofano 
ATTN:  SMCAR-CCB-RA 
ATTN:  SMCAR-LCB-TL 
Watervliet,  NY  12189-4050 

3  Commander 

US  Army  Watervliet  Arsenal 
ATTN:  SMCWV-QAR,  T.  McCloskey 
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Watervliet,  NY  12189 
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Silver  Spring,  MD  20910 


1  Department  of  the  Army 
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Research  Laboratory 
ATTN:  CERL-SOI, 

P.  Schomer 
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Champaign,  IL  61820 


•  1  Director 

NASA  Scientific  Ic  Technical 
Information  Facility 
ATTN:  SAK/DL 
P.  O.  Box  8757 
Ba.1  tirnoie/ Washington 
International  Airport,  MD  21240 


1  Commander 

AMC-FAST  Office 
ATTN:  AMSLC-SA, 

R.  Rogolski 

Fort  Belvoir,  VA  22060-5606 

1  Commander 

Naval  Sea  Systems  Command 
ATTN:  003 
Washington,  DC  20362 

1  Commander 

Naval  Weapons  Center 
ATTN:  Code  3433,  Tech  Lib 
China  Lake,  CA  93555 


1  Honeywell  Inc 

ATTN:  R.  Gartner 
10400  Yellow  Circle  Drive 
Minnetonka,  MN  55343 

3  Honeywell  Inc 

ATTN:  MS  MN  112190, 

G.  Stilley 

ATTN:  MS  MN  50-2060, 
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S.  Langley 

600  Second  Street,  Northeast 
Hopkins,  MN  55343 
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1  Honeywell  Ordnance 

ATTN:  Craig  Sletto 
Mail  Stop  111443 
23100  Sugarbush  Road 
Elk  River,  MN  55330 

1  S  &  D  Dynamics,  Inc. 

ATTN:  R.  Becker 

2151  W.  Hillsboro  Blvd,  No.  210 

Deerfield  Beach,  FL  33442-1266 

1  AAI  Corporation 

ATTN:  J.  Herbert 
RO.  Box  6767 
B2dtimoie  MD  21204 


•»  AAT/^ _ 

1  V^UipUi^JlUlUii 

ATTN;  T.  Stasney 
R  O.  Box  126 
Cockeysville,  MD  21030 

3  Aerojet  Ordnance  Co 

ATTN:  W.  Wolterman 
S.  Rush 
A.  Flatau 
2521  Michelle  Drive 

rr^  j  ♦  A 

lubt-iii,  y^uou 

1  Princeton  Scientific  Instruments,  Inc 
ATTN:  John  Lowrance 

P.O.  Box  252 
Kingston,  NJ  08528 

2  United  Technologies/ Chemical 

Systems 

ATTN:  R.  MacLaren 
A.  Holzrnan 
R  O.  Box  50015 
San  Jose,  CA  95150-0015 


1  Olin  Corporation 

ATTN;  L.A.  Mason 
707  Berkshire  Blvd 
East  Alton,  IL  62024 

1  Aerospace  Corporation 

ATTN:  G.  Widhopf 
Bldg.  D8  M4/965 
P.  O.  Box  92957 
Los  Angeles,  CA  90009 

1  General  Electric  Armament 

&  Electric  Systems 
ATTN;  R.  Whyte 
LeJceside  Avenue 
Burlington,  VT  05401 

Sandia  National  Laboratory 
ATTN:  Aerodynamics  Dept 
Org  5620,  R.  Maydew 
Albuquerque,  NM  87115 

1  Franklin  Institute 

ATTN:  Tech  Library 
Race  &  20th  Streets 
Philadelphia,  PA  19103 

1  Director 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
Johns  Hopkins  Road 
Laurel,  MD  20707 

2  Loral  Corporation 
ATTN:  S.  Schmotolocha 

B.  Axely 
300  N.  Halstead  St, 

P.  O.  Box  7101 
Pasadena,  CA  91109 
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1  Martin  Marietta  Aerospace 

ATTN:  A.  Culotta 
P.  O.  Box  5837 
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3  McDonnell  Douglas  Helicopter  Co. 

ATTN:  J.  Johnsen 

D.  Van  Osteen 
R.  Waterfield 

Bldg  543 

Mail  Station  D216 
500  E.  McDowell  Rd. 

Mesa,  AZ  85205 

1  FMC  Corporation 

Northern  Ordnance  Division 
ATTN;  S.  Langlie 
4800  East  River  Road 
Minneapolis  MN  55421 

1  Old  Dominion  University 

Mathematics  Department 
ATTN:  Dr.  Charlie  Cooke 
Norfolk,  VA  23508 


Aberdeen  Proving  Ground 


Director,  USAMSAA 
ATTN:  AMXSY-D, 

Mr.  W.  Brooks 
Mr.  B.  Siegel 
Mr.  R.  Conroy 
ATTN:  AMXSY-MP, 

H.  Cohen 

Commander,  USACSTA 
ATTN:  STECS-AV-T, 

Mr.  W.  Swank 
ATTN:  STECS-AS-LA, 

M.  Maule 

Commander,  USATECOM 
ATTN:  AMSTE-TE-R 
Mr.  Keele 

ATTN;  AMSTE-TO-F 
Commander,  CRDEC,  AMCCOM 
ATTN:  SMCCR.-RSP-A 
ATTN:  SMCCR-MU 
ATTN;  SMGCR-SPS-IL 


Director,  USAHEL 
ATTN:  G.  Garinther 
J.  Kalb 
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Thl«  laboratory  undartikai  a  continuing  aftort  to  Improva  tha  quality  of  tha  reports  :t  puDjlsr.es, 
commants/anawars  below  will  aid  us  In  our  efforts. 

1,  Does  this  report  satisfy  a  need?  (Coinnient  on  purpose,  related  project,  or  other  area  o- 

the  report  will  be  used.)  - - - 


2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  o 
etc,]  _ _ — _  ..  . — - — - 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  nan-hours  or  do.rars 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate.  - - - 


4. 


General  Comments.  What  do  you  think  should  be  changed  to  Improve  future  reports?  ..ndlcate  changes  .c 
organliation,  technical  content,  format,  etc.)  - - - - - 


BRL  Report  Number  _  Division  Symbol  _ 

Check  here  if  desire  to  be  removed  from  distribution  list. 

Check  here  for  address  change.  _ 

Current  address:  Organization  _ 
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